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[Abstract] 

[Abstract! 

The present invention relates to an apparatus for 
modulating chips by using an offset quadrature-phase shift 
5 keying (OQPSK) of a direct sequence spread spectrum (DSSS), 
The DSSS OQPSK chip modulating apparatus having an I-channel 
for an in-phase signal of a message signal and a Q-channel for 
an orthogonal phase signal of the message signal includes: a 
pseudo-random noise generating unit for generating pseudo- 

10 random noises; a first Walsh code generating unit for 
generating a first Walsh code; a first spreading unit for 
spreading and outputting the pseudo-random noise by using the 
first Walsh code; a first precoding unit for spreading the 
message signal by using an output signal of the first 

15 spreading unit to output the resultant signal to the I- 
channel; a second Walsh code generating unit for generating a 
second Walsh code orthogonal to the first Walsh code; a second 
spreading unit for spreading and outputting the pseudo-random 
noise code by using the second Walsh code; and a second 

20 precoding unit for spreading the message signal by using an 
output signal of the second spreading unit to output the 
resultant signal to the Q-channel. Thus, the DSSS OQPSK chip 
modulating apparatus is constructed by combining a 
conventional DSSS QPSK chip modulating apparatus with a 
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spreading code unit and a precoding unit. Particularly, 
interferences between adjacent symbols are eliminated in the 
DSSS while a property of the OQPSK is maintained. As a result 
of this effect, it is possible to implement the modulating 
5 apparatus by using solely spectrum spreading codes even 
without a time delaying device. 

[Selected Drawing] 
FIG. 1 
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[Specification] 

[Title of the Invention] 

APPARATUS FOR MODULATING CHIPS BY USING OFFSET 
QUADRATURE-PHASE SHIFT KEYING OF DIRECT SEQUENCE SPREAD 
SPECTRUM 

[Brief Description of the Drawings] 

Fig. 1 is a block diagram showing a conventional 
apparatus for modulating chips by using an offset quadrature- 
phase shift keying (OQPSK) of a direct sequence spread 
spectrum (DSSS) . 

Fig. 2 is a diagram showing data streamings of the OQPSK. 

Figs. 3a and 3b are diagrams showing wave forms of a QPSK 
and the OQPSK. 

Fig. 4 is a block diagram of an apparatus for modulating 
chips by using an OQPSK of a DSSS (hereinafter referred to as 
a DSSS OQPSK chip modulating apparatus) without a half-chip 
delaying in accordance with a first preferred embodiment of 
the present invention. 

Fig. 5 is a block diagram of the DSSS OQPSK chip 
modulating apparatus without the half-chip delaying applied to 
a 64-ary data modulating apparatus in accordance with a second 
preferred embodiment of the present invention. 

Fig. 6 is a diagram showing a quadrature plane for the 



DSSS OQPSK chip modulating apparatus without the half-chip 
delaying in accordance with the present invention. 

Fig. 7 is a block diagram of the 64-ary DSSS OQPSK chip 
modulating apparatus without a half -chip delaying. 

t 

[Detailed Description of the Invention] 
[Object of the Invention] 

[Field of the Invention and the Related Prior Art] 

The present invention relates to a direct sequence spread 
spectrum (DSSS) offset quadrature-phase shift keying (OQPSK) 
chip modulating apparatus; and, more particularly, to an 
apparatus for modulating chips by using an OQPSK of a DSSS. 

Fig. 1 is a block diagram of a conventional DSSS OQPSK 
chip modulating apparatus. 

As shown, in the conventional DSSS OQPSK chip modulating 
apparatus, an output of a user data generator (1) is divided 
into two channels; they are, an in-phase channel (hereinafter 
referred to as an I-channel) and a quadrature-phase channel 
(hereinafter referred to as a Q-channel). 

Then, the output is spread by a pseudo-random noise (PN) 
code generator (2). At this time, in the I-channel, an output 
of data from an input signal is spread without any change. In 
the Q-channel, the input signal is delayed and outputted as a 
half-chip delayed signal by using a half -chip delay unit (5). 

Fig. 2 is a diagram showing data streamings of the OQPSK. 



In Fig. 2, di{t) expresses an output of an exclusive 
logic summation of the I-channel shown in Fig. 1. c 0 (t) 
expresses an -output of the half -chip delay unit (5) in the Q- 
channel. Herein, one chip has a time period of about 2T. As 
shown in Fig. 2, the output from the Q-channel is delayed as 
much as a time period of a half-chip, i.e., IT. 

Figs. 3a and 3b are diagrams showing wave forms of a QPSK 
and the OQPSK. With reference to Figs. 3a and 3b, detailed 
descriptions on waveforms of the QPSK and the OQPSK will be 
provided hereinafter. Fig. 3b represents an output 's(t) of a 
transmission terminal of an adder (10) shown in Fig. 1. As 
shown in Fig. 3a, a phase change of the QPSK ranges up to 
about 180 degrees. However, as shown in Fig. 3b, the phase 
change of the OQPSK ranges up to' a maximum' of about 90 
degrees. 

In a conventional DSSS OQPSK chip modulation scheme, a 
phase change does not occur abruptly due to maximally set 
allowable degree of the' phase change between neighboring 
symbols. As mentioned above, the maximum degree of the phase 
change of the OQPSK is about 90 degrees. On the contrary to 
this advantage, there exist problems that a device complexity 
is caused by using the half-chip delay unit and a degradation 
of performance is resulted from reciprocal interferences 
between an in-phase signal and a quadrature-phase signal. 

[Object of the Invention] 

Therefore, it is an object of the present invention to 



provide a DSSS OQPSK chip modulating apparatus being simply 
and easily realizable by eliminating an interference between 
an in-phase signal and a quadrature-phase signal through the 
use of a precoded pseudo-random noise (PN) code without 
employing a half-chip delaying unit. 

[Configuration of the Invention] 

In accordance with one aspect of the present invention, 
there is provided an apparatus for modulating chips by using 
an offset quadrature-phase shift keying (OQPSK) of a direct 
sequence spread spectrum (DSSS). The apparatus includes: a 
pseudo-random noise generating unit for generating pseudo- 
random noises; a first Walsh code generating unit for 
generating a first Walsh code; a first spreading unit for 
spreading and outputting the pseudo-random noise by using the 
first Walsh code; a first precoding unit for spreading the 
message signal by using an output signal of the first 
spreading unit to output the resultant signal to the I- 
channel; a second Walsh code generating unit for generating a 
second Walsh code orthogonal to the first Walsh code; a second 
spreading unit for spreading and outputting the pseudo-random 
noise code by using the second Walsh code; and a second 
precoding unit for spreading the message signal by using an 
output signal of the second spreading unit to output the 
resultant signal to the Q-channel. 



t ' 

[Description of the Invention] 

Hereinafter, with reference to the drawings, preferred 
embodiments of the present invention will be explained in more 
detail . 

5 Fig. 4 is a block diagram showing an apparatus for 

modulating an offset quadrature-phase shift keying (OQPSK) 
chip of a direct sequence spread spectrum (DSSS) without a 
half-chip delaying in accordance with a first preferred 
embodiment of the present invention. As shown, the DSSS. OQPSK 

10 chip modulating apparatus is implemented by combining a 
conventional DSSS QPSK chip modulation apparatus with a 
pseudo-random noise (PN) precoding device. 

In the conventional DSSS QPSK chip modulating apparatus 
(29), input data generated from a user data generator (11) is 

15 spread by being multiplied with outputs of a PN code generator 
(12) generating an in-phase signal and a quadrature-phase 
signal. The multiplication used herein is a modular 2 
operation . 

Outputs of a first exclusive logic summation (17) and a 
20 second exclusive logic summation (18) are inputted as spread 
signals into a first and a second finite impulse response 
filters (19 and 20), respectively. Hereinafter, the first and 
the second finite impulse response filters (19 and 20) are 
referred to as FIR filters. Output signals of the first and 
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the second FIR filters (19 and 20) are inputted into a first 
and a second transmission output control units (21 and 22) 
which, in turn, control an output of a transmission power 
amplifier in response to the input signals. 
5 In an I-channel, an output of the first transmission 

output control unit (21) is coupled to a first mixer (24) 
after being multiplied with cosc Q t, which is a signal 
generated from a local oscillator (23). On the other hand, in 
a Q-channel, the output of the first transmission output 

10 control unit (21) is multiplied with sinc 0 t, which is an 
output of a phase shifter 26, and is coupled to a second mixer 
25. Outputs of the first and the second mixers (24 and 25) 
are combined together in the I-channel and the Q-channel, and 
an output of an adder 27 is transmitted through an antenna 

15 (28). 

There are provided detailed descriptions on the precoding 
device for precoding a PN code hereinafter. In the I-channel, 
the precoding is carried out by multiplying an output of a 
first Walsh code generator (13) generating W 2 r with a PN code 
20 and, thereafter, a precoded signal is outputted from a first 
exclusive logic summation (15). In the Q-channel, the 
precoding is carried out by multiplying an output of a second 
Walsh code generator (14) generating W 2K +i with the same PN 
code and, thereafter, the precoded signal is outputted from a 
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second exclusive logic summation (16). 

Herein, the Walsh codes generated from the first and the 
second Walsh code generators (13 and 14) have the same chip 
rate of the PN code generator (12). The Walsh codes are 
obtained from the Hadamard matrix having the following 



characteristic . 



The following is an orthogonal codeword set. 



Hi = 



0 0 
0 1 



Hj = 



0 0 

0 1 

0 0 

0 1 



0 0 

0 1 

1 1 

1 0 



H 



1- 
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This orthogonal codeword set can be generalized and expressed 
in k in the following. 



H k-\ H *-i 



Herein, H k is expressed in a matrix of 2 k x 2 k , and each 
column represents the Walsh code. 
20 Herein, W 2k and W 2k +i are used, and a careful review on a 
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sequence of these two Walsh codes reveals the following 
properties . 

Under an assumption that W 2k i is an i th output of a 2k th 

Walsh code and W is a complement of integer 1 of W f the 
following relationship can be established as follows. 



I£ VV 2kJ "2JUU ' W 2*+u+l _ W 2k+\J+1 

If W IkJ = W^ it W 1IM = W UtW Eq. 1 

Based on this equation, a phase of the output signal is not 
shifted to about 180 degrees. 



Wa+wi = W 2kj and WWi = w uj 

When the above described precoding device is implemented in 
the DSSS QPSK modulating apparatus, the phase change of the 
output signal has the same property of the OQPSK of which 
phase change does not exceed about 90 degrees. This 
relationship can be expressed in a space signal diagram by 
using an in-phase axis under W 2 k and a quadrature-phase axis 
under W 2 k+i as shown in Fig. 6. 

Fig. 6 is a diagram showing a signal space of the DSSS 
OQPSK chip modulating apparatus without a half-chip delaying 



10 




in accordance with the present invention. 

As shown, the phase change between neighboring symbols 
ranges within about 90 degrees. 

Fig. 5 is .a block-diagram showing a case of applying the 
5 DSSS OQPSK chip modulating apparatus without the half-chip 
delaying to a 64-ary data modulating apparatus in accordance 
with a second preferred embodiment of the present invention. 

Referring to Fig. 5, a signal provided from a user data 
generator (31) is modulated and outputted into an orthogonal 
10 code of about 64 x 64 in a 64-ary orthogonal modulator (32). 
That is, the signal is changed into an orthogonal code word 
having each different 64 binary sequences, i.e., sequences 
from a first Walsh function (WO) to a 64 th Walsh function 
(W63). Herein, each sequence set is called Walsh function. 
15 An output of the 64-ary orthogonal modulator 32 is called 

a Walsh chip. Since one Walsh chip has about 4 spread 
sequences, a period of the Walsh function in the I-channel and 
the Q-channel is about 4 chips. Thus, it is possible to use 
four dimensional H4 in the Hadamard matrix. Therefore, k of 
20 the Walsh code can be an integer of 1 or 0. 

The output of the 64-ary modulator (32) is spread by a PN 
code generator (33). The Walsh code W 2k is multiplied 
therewith in the I-channel, while the Walsh code W 2 r+i is 
multiplied therewith in the Q-channel. The rest signal 
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processing procedures are the same as described in Fig. 1. 

Fig. 7 is a block diagram of the 64-ary DSSS OQPSK chip 
demodulating apparatus without the half-chip delaying. More 
detailed descriptions on the 64-ary DSSS OQPSK chip 
5 demodulating apparatus without the half-chip delaying are 
provided hereinafter. 

Fig. 7 is a demodulating apparatus capable of 
demodulating a signal transmitted from a transmission terminal 
of the DSSS OQPSK modulating apparatus without the half-chip 
10 . delaying applied to the 64-ary data modulating • apparatus into 
the original signal. 

In the I-channel, a signal received from an antenna (51) 
is multiplied with a signal of cosc 0 t generated from a local 
oscillator (55). Meanwhile, in the Q-channel, a signal 
15 received from the antenna (51) is multiplied with an output of 
sinc 0 t provided from a phase shifter in 90 degrees (54), and 
this multiplication results in a downward conversion leading 
the signal to become a base-band signal. 

Outputs of a first mixer (52) and a second mixer (53) in 
20 the I-channel and the Q-channel are inputted into a first 
finite impulse response (FIR) filter (58) and a second FIR 
filter ( 59 ) , respectively . 

A Walsh code W 2 k outputted from a first Walsh code 
generator (56) and a PN code outputted from a PN code 
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generator (73) are spread and outputted in a first exclusive 
logic summation (60) and a second exclusive logic summation 

(62) . Also, a Walsh code W 2k+ i outputted from a second Walsh 
code generator (57) and a PN code outputted from the PN code 

5 generator (73) are spread and outputted in a third exclusive 
logic summation (61) and a fourth exclusive logic summation 

(63) . 

In a first multiplier (64), an output signal of the first 
FIR filter (58) .is multiplied with an output signal of the 
10 first exclusive logic summation (60). In a second multiplier 

(65) , the output, signal of the first FIR filter (58) is 
multiplied with an output signal of the third exclusive logic 
summation (61). In a third multiplier (66), an output signal 
of the second FIR filter (59) is multiplied with an output 

15 signal of the second exclusive logic summation (62). In a 
fourth multiplier (67), the output signal of the second FIR 
filter (59) is multiplied with an output signal of the fourth 
exclusive logic summation. 

In the I-channel, a first adder (68) adds an output 

20 signal of the first multiplier (64) and an output signal of 
the fourth multiplier (67). Identically, in the Q-channel, a 
second adder (69) adds an output signal of the second 
multiplier (65) and an output signal of the third multiplier 

(66) . Herein, Walsh codes generated from the first Walsh code 
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generator (56) and the second Walsh code generator (57) have 
the same chip rate to outputs of the PN code generator (73). 

A fast Hadamard transform (FHT: 70), which is a 64-ary 
demodulator, receives an output signal of the first adder (68) 
and an output signal of the second adder (69) and outputs 64 
coefficients for 6 Walsh symbols. 

Then, among the 64 coefficients received from the FHT 
(70), a maximum, output selector (71) selects and outputs the 
coefficient having a maximum value. Afterwards, a user data 
output block (72) retrieves corresponding transmitted data. 

While the present invention has been shown and described 
with respect to the particular embodiments, it will be 
apparent to those skilled in the art that many changes and 
modifications may be made without departing from the sprit and 
scope of the invention as defined in the appended claims. 

[Effect of the Invention] 
In accordance with the preferred embodiments, the inventive 
DSSS OQPSK chip modulating apparatus is constructed by 
combining the conventional DSSS OQPSK chip modulating 
apparatus with the spreading code unit and the preceding unit. 
Particularly, interferences between adjacent symbols are 
eliminated in the DSSS while a property of the OQPSK is 
maintained. As a result of this effect, it is possible to 



implement the modulating apparatus by using solely spectrum 
spreading codes even without a time delaying device. 
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[ Claim 1 1 An apparatus for modulating chips by using an 
offset quadrature-phase shift keying (OQPSK) of a direct 
5 sequence spread spectrum (DSSS) f the apparatus comprising: 

a pseudo-random noise generating means for generating 
pseudo-random noises; 

a first Walsh code generating means for generating a 

first Walsh code; 

10 a first spreading means for spreading and outputting the 

pseudo-random noise by using the first Walsh code; 

a first precoding means for spreading the message signal 
by using an output signal of the first spreading means to 
output the resultant signal to an I-channel; 
15 a second Walsh code generating means for generating a 

second Walsh code orthogonal to the first Walsh code; 

a second spreading means for spreading and outputting the 
pseudo-random noise code by using the second Walsh code; and 

a second precoding means for spreading the message signal 
20 by using an output signal of the second spreading means to 
output the resultant signal to a Q-channel, 

wherein the apparatus has the I-channel for an in-phase 
signal of a message signal and the Q-channel for an orthogonal 
phase signal of the message signal. 

25 

[Claim 2] The apparatus as recited in claim 1, wherein a 
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chip rate of the pseudo-random noise generated by the pseudo 
noise generating means is the same as that of the fist Walsh 
code generated by the first Walsh code generating means and 
that of the second Walsh code generated by the second Walsh 
5 code generating means. 

[Claim 3l The apparatus as recited in claim 1, wherein the 
first Walsh code generated by the first Walsh code generating 
means and the second Walsh code generated by the second Walsh 
10 code generating means are obtained from the Hadamard matrix. 

[Claim 4] The apparatus as recited in claim 1, wherein the 
first spreading means, the second spreading means, the first 
precoding means and the second preceding means operate an 
15 exclusive logic summation of two input signals and output the 
result. 

[Claim 5] The apparatus as recited in claim 1, wherein if a 
predetermined ordinal order of an output from the first Walsh 

20 code generating means of the I-channel is identical to a 
predetermined ordinal order of an output from the second Walsh 
code generating means of the Q-channel, an output next to the 
predetermined ordinal order of the output from the first Walsh 
code generating means of the I-channel has a relationship of a 

2 5 complement of integer 1 with an output next to the 
predetermined ordinal order of the output from the second 
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Walsh code generating means of the Q-channel; and if a 
predetermined ordinal order of an output from the first Walsh 
code generating means of the I-channel has a relationship of a 
complement of integer 1 with a predetermined ordinal order of 
an output from the second Walsh code generating means of the 
Q-channel, an output next to the predetermined ordinal order 
of the output from the first Walsh code generating means of 
the I-channel is identical to an output next to the 
predetermined ordinal order of the output from the second 
Walsh code generating means of the Q-channel. 
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